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GATHERING OF DEVICE DISCOVERY 
INFORMATION 

BACKGROUND OF THE INVENTION 

This invention relates to gathering device discovery infor 
mation. 

Institute of Electrical and Electronics Engineers (“IEEE”) 
standard 1394–1395 (published Jun. 16, 1995) defines a 
high-speed serial bus (“1394 bus”) that can transfer data 
among consumer electronic devices, personal computers 
(“PCs”), and peripheral devices such as monitors, 
keyboards, printers, Scanners. 
When devices are added to and removed from an active 

1394 bus, the bus will automatically reconfigure itself to 
accommodate the changes. To facilitate reconfiguration (and 
other interactions among the devices), each device stores 
discovery information comprised of a unique identifier and 
information identifying Services available from the device. 
The information is useful to other devices in making use of 
the Services. 

SUMMARY OF THE INVENTION 

In one embodiment, the invention is a method for use on 
a bus that Supports broadcast discovery. According to the 
method, identification information is received from a device 
on the bus and discovery information is obtained from the 
device using the identification information. The discovery 
information is then broadcast on the bus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a home network according 
to one embodiment of the invention. 

FIGS. 2 and 5 are block diagrams of a network according 
to one embodiment of the invention. 

FIGS. 3 and 4 are flow diagrams for gathering broadcast 
discovery information according to one embodiment of the 
invention. 

DESCRIPTION 

A typical home network includes digital consumer elec 
tronic devices that eXchange digital control data, audio 
Streams, and Video streams. Examples of Such devices 
include PCs, digital camcorders, digital cameras, digital 
videocassette recorders ("VCRs”), digital televisions 
(“TVs”), and other processing devices. 

In FIG. 1, a representative home network 1 includes TV 
2, VCR 4, PC5, and PC 6 located in family room 7; TV 9, 
VCR 10, PC 11, and PC 12 located in bedroom 14; and PC 
15 located in office 16. TV 2, VCR 4, PC 5, and PC 6 are 
coupled to 1394 bus 17; and TV 9, VCR 10, PC 11, and PC 
12 are coupled to 1394 bus 19. These devices support IEEE 
1394 and therefore have 1394 interfaces. PC 15 is coupled 
to non-1394 bus 20. Examples of non-1394 buses for a home 
networking environment are Home Phoneline Networking 
Alliance (“Home PNA”), Home Radio Frequency 
(“HomeRF"), and Ethernet. 1394 bus 17, 1394 bus 19, and 
non-1394 bus 20 are interconnected by bridge 21. 

Each 1394 bus in a network includes a unique 1394 bus 
identifier (“bus ID'). The non-1394 bus may be integrated 
into network 1 by assigning the non-1394 bus a simulated 
1394 bus ID. By configuring devices on the non1394 bus 
similarly to those on the 1394 bus, it is possible to provide 
Substantially the Same capabilities to devices on the non 
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2 
1394 bus as provided to devices on a 1394 bus. This includes 
Storing and using 1394 configuration information as 
described below. Thus, even if PC 15 does not have a 1394 
interface, PC 15 may interact with devices on 1394 buses 17 
and 19, as described below. 
A 1394 bus allows interactions between applications 

running on devices connected to the bus. For example, a user 
may be able to tell VCR 4 to pause a current video playing 
on TV 2 in family room 7, wait five minutes, and then 
resume playing the video on TV 9 in bedroom 14. 
To communicate with and/or use another device, Such as 

VCR 4, a PC must know the identity of the other device and 
the services available from that device. This information, 
and other information available from the other device, is 
called the device’s “discovery information'. Under the 1394 
Specification, a device's discovery information is Stored in 
its configuration read-only memory (“ROM'). Devices like 
PCs that need to learn device discovery information for 
other devices on the network are called “discovery devices”. 
Protocols exist for discovering information from devices on 
the network. 

Learn Node ID Then Interrogate 
In the “learn node ID then interrogate” protocol (as that 

phrase is used herein), resetting of a 1394 bus causes a 
hardware initialization which triggers each device on the bus 
to send a self-ID packet that includes the device's network 
node ID. Typically, a bus reset occurs when a device on the 
bus is turned on or off, added to or removed from the bus, 
or when application Software running on one of the devices 
(e.g., PC5) forces a bus reset, e.g., in response to a handling 
CO. 

In some implementations of the “learn node ID then 
interrogate” protocol, bus resets are forwarded to other buses 
on the network, e.g., from 1394 bus 17 to 1394 bus 19 and 
non-1394 bus 20, to obtain self-ID packets from devices on 
the other buses. A discovery device stores the node ID from 
each Self-ID packet until the hardware initialization is done. 
Then, the discovery device interrogates other devices on the 
bus to obtain their discovery information. 

Interrogation is done by an asynchronous read transaction 
addressed to the node ID stored for each device. Discovery 
information is then read from the configuration ROM of 
each device. The configuration ROM contains a root direc 
tory and Zero or more unit directories. The root directory 
contains a globally unique device identifier called the EUI 
64, and information about unit directories. The unit direc 
tories contain device Service information, Such as the type of 
the device (e.g., a PC, VCR, TV) and the functions of that 
device that are available over the network (e.g., "play', 
“fast-forward”). 

Broadcast Discovery 
The Second protocol, called “broadcast discovery', is an 

advertise and Solicit protocol. Discovery of devices and 
Services occurs during advertisements triggered, e.g., by a 
bus reset or a Solicit packet. 
Upon a bus reset, all devices connected to the bus 

broadcast advertise packets over a BROADCAST CHAN 
NEL defined in the 1394 specification. Bridge 21 connects 
the BROADCAST CHANNELS of the 1394 buses and a 
corresponding mechanism on each non-1394 bus to enable 
advertise packets to be broadcast over the entire network. 
An advertise packet contains device discovery informa 

tion from the source device's configuration ROM, including 
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the device Services information. Discovery devices receive 
advertise packets and use the discovery information in the 
advertise packets to generate a list of devices connected to 
the bus and services available from those devices. 

Broadcast discovery can also be used to update an exist 
ing list of devices and services. When either all or part of the 
discovery information is to be updated, the discovery device 
Solicits the information by Sending a Solicit packet. The 
discovery device may issue a Solicit packet, for example, 
upon failure to receive advertised discovery information due 
to a broadcast error, when the network topology changes 
without a corresponding bus reset, or when an application 
running on a device requests refreshed or new discovery 
information. Like advertise packets, Solicit packets are 
broadcast on the BROADCAST CHANNEL of the 1394 bus 
and can Span an entire 1394 network. 
When complete re-discovery of all devices on a network 

is needed, a Solicit packet can be broadcast from the dis 
covery device to all devices on a network using a global bus 
ID. To discover devices connected to a Specific bus, the 
Solicit packet can Specify a bus ID assigned to that bus. 
When devices on the network receive the Solicit packet from 
a discovery device, they compare the ID of the bus to which 
they are connected with the bus ID in the solicit packet. If 
the two match, then the device responds to the Solicit packet 
with the requested information, otherwise not. This works 
for both 1394 and non-1394 buses. A similar process can be 
used to obtain information from Specific devices using 
specific device ID's. 

Discovery Proxies 
Discovery devices that use broadcast discovery expect to 

receive discovery information from other devices in 
response to a bus reset or Solicit packet. However, legacy 
devices that support “learn node ID then interrogate” dis 
covery may not also Support broadcast discovery. Which 
discovery protocols a device uses depends upon Software 
Stored in its memory. 

Thus, legacy devices may only provide their node ID in 
response to a bus reset. To permit legacy devices to partici 
pate in 1394 buS transactions, a proxy device may be 
connected to the network to gather discovery information 
from legacy devices using the “learn node ID then interro 
gate' protocol and then to broadcast the received discovery 
information in accordance with the broadcast discovery 
protocol to discovery devices that need the discovery infor 
mation. 

AS seen in FIG. 2, a network 22 includes 1394 bus 25, 
1394 bus 26, and non-1394 bus 27 connected by a bridge 29. 
1394 devices 30 and 31, 1394 discovery devices 32 and 34, 
and non-1394 discovery device 35 all support broadcast 
discovery. 1394 devices 36 and 37 are legacy devices that do 
not Support broadcast discovery but do Support “learn node 
ID then interrogate” discovery. Proxies 39 and 40 obtain 
discovery information from the legacy devices and forward 
it to the discovery devices. 

Proxies 39 and 40 can be any of the devices shown in FIG. 
1 or any other type of network device. Code may be loaded 
into a memory on a device and then executed by the device's 
processor in order to cause the device to operate as a proxy. 
Each bus typically has only one proxy; however, more than 
one proxy may be included. Although FIG. 2 ShowS proxies 
as Separate devices, “proxy code” could be loaded into, and 
executed on, devices that Support broadcast discovery, those 
that do not Support broadcast discovery, and non-1394 
devices. 
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4 
Using Broadcast Proxies To Obtain Discovery 

Information 

FIG. 3 shows a process for obtaining discovery informa 
tion using broadcast proxies on bus 25. (An identical process 
applies for bus 26.) To begin, step S301 waits for a bus reset 
to occur. Upon a bus reset, devices that Support broadcast 
discovery broadcast their discovery information. For 
example, device 30 broadcasts advertise packets containing 
its discovery information on bus 25. This discovery infor 
mation is read and stored by discovery device 32. 

Also, upon bus reset, legacy devices that do not Support 
broadcast discovery Send to their respective buses identifi 
cation information that includes device node IDs and pos 
sibly other information. For example, device 36 sends its 
node ID to bus 25, and proxy 39 receives this node ID from 
bus 25. The other devices on bus 25 ignore this node ID. 

In step S303, proxy 39 uses the identification information 
received from device 36 to obtain discovery information 
from that device using the “learn node ID then interrogate” 
protocol. Proxy 39 performs an asynchronous read operation 
on the configuration ROM of device 36 in order to obtain its 
globally-unique device identifier and Service information. 
This information is stored in a memory on proxy 39. 

In step S304, proxy 39 broadcasts the discovery informa 
tion received from device 36 to bus 25. Discovery device 32 
reads that information and stores it in step S305. Proxy 39 
also provides the information from its Storage in response to 
Subsequent requests by the discovery device. For example, 
as shown in FIG. 4, if a bus reset has not occurred, but a 
discovery device wants to update its current device 
information, the discovery device issues a Solicit packet 
either globally to all devices on a network, to specific 
devices, or to devices on a particular bus. In, FIG. 5, for 
example, a Solicit packet is issued by discovery device 40 on 
1394 bus 41 for devices on bus 42. Devices on buses 41, 42 
and 43 receive the Solicit packet in step S401 and, in step 
S402, determine whether to respond based on whether the 
ID of their corresponding bus matches that in the packet. 
Here, only devices on bus 42 respond. For devices on other 
buses, the proceSS ends. 

Next, in step S403, bus 42 devices that support broadcast 
discovery (i.e., devices 45 and 46) broadcast advertise 
packets onto the BROADCAST CHANNEL of 1394 bus 42. 
These advertise packets are then routed, via bridge 44, to the 
BROADCAST CHANNEL of 1394 bus 41, from which they 
are read by discovery device 40. In response to the Solicit 
packet, proxy 47 sends the discovery information that it has 
stored for device 49. (Device 49 is not configured to respond 
to the Solicit packet with discovery information.) 

Other embodiments are within the scope of the following 
claims. For example, the invention can be implemented on 
any bus that supports broadcast and “learn node ID then 
interrogate' or Similar discovery. The order of the Steps 
shown in FIGS. 3 and 4 may be changed. The invention is 
not limited to PCs on non-1394 bus 20, or to using PCs, 
VCRs and TVs on the 1394 buses. Rather, any types (and 
numbers) of devices may be used on any bus. 
What is claimed is: 
1. A method for use on a bus that Supports broadcast 

discovery, comprising: 
receiving identification information at a broadcast proxy 

device from a device on the bus, the identification 
information comprising data that identifies the device 
on the bus, the device not being configured to broadcast 
discovery information; 

obtaining the discovery information at the broadcast 
proxy device from the device using the identification 
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information, the discovery information comprising data 
that identifies services available from the device, the 
Services comprising operational control functions that 
are available on the device via the bus, the data that 
identifies the available Services being independent of 5 
the identification information; and 

broadcasting the discovery information for the device 
from the broadcast proxy device onto the bus reset 
wherein the identification information is received in 
response to a bus reset. 1O 

2. A method according to claim 1, further comprising 
receiving a Solicit packet requesting discovery information. 

3. A method according to claim 2, wherein the broadcast 
ing Step broadcasts the discovery information in response to 
receipt of the Solicit packet. 

4. A method according to claim 3, wherein the bus has an 15 
asSociated bus identifier, and the Solicit packet requests 
discovery information in accordance with the bus identifier. 

5. A method according to claim 1, wherein the bus 

6. A method according to claim 1, wherein the discovery 2O 
information further comprises the data that identifies the 
device on the bus. 

7. A method according to claim 1, wherein the device does 

8. A method of performing discovery in a network con- 25 
taining a bus that Supports broadcast discovery, the method 
comprising: 

broadcasting discovery information for a first network 
device over the bus, the discovery information com 
prising data that identifies Services available from the 
first network device, the Services comprising opera 
tional control functions that are available on the first 
network device via the bus; 

providing identification information from a Second net 
work device to a proxy device on the network, the 
identification information comprising data that identi 
fies the Second network device on the bus, the Second 
network device not being configured to broadcast dis 
covery information; 

using the identification information to obtain, by the 
broadcast proxy device, the discovery information from 
the Second network device, the discovery information 
from the Second network device comprising data that 
identifies services available from the device, the Ser 
vices comprising operational control functions that are 
available on the second network device via the bus, the 
data that identifies the available Services being inde 
pendent of the identification information; and 

broadcasting, from the broadcast proxy device over the 
bus, the discovery information for the Second network 
device wherein broadcasting discovery information for 
the first network device over the bus, and providing the 
identification information from the Second network 
device to the broadcast proxy device occur in response 
to a bus reset. 

9. A method according to claim 8, further comprising 
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issuing a Solicit packet from the discovery device to the 
broadcast proxy device; 

wherein broadcasting the discovery information for the 
Second network device occurs in response to receipt of 
the Solicit packet by the broadcast proxy device. 

10. A method according to claim 8, wherein the bus 

60 

comprises an IEEE 1394 bus. 
11. A method according to claim 8, wherein the discovery 65 

information further comprises the data that identifies the 
device on the bus. 

6 
12. A network system which includes network devices 

and a bus that Supports broadcast discovery, the network 
System comprising: 

a first network device which broadcasts discovery infor 
mation over the bus, the discovery information com 
prising data that identifies Services available from the 
first network device, the Services comprising opera 
tional control functions that are available on the first 
network device via the bus; 

a Second network device which provides identification 
information, the identification information comprising 
data that identifies the Second network device on the 
bus, the Second network device not being configured to 
broadcast discovery information; and 

a broadcast proxy device which receives the identification 
information, obtains discovery information from the 
Second network device using the identification 
information, and broadcasts the discovery information 
for the second network device over the bus, the dis 
covery information from the Second network device 
comprising data that identifies Services available from 
the Second network device, the Services comprising 
operational control functions that are available on the 
Second network device via the bus, the data that iden 
tifies the available Services being independent of the 
identification information wherein the first network 
device broadcast the discovery information and the 
Second network device provides the identification 
information in response to a bus reset. 

13. A network System according to claim 12, further 
comprising a discovery device which issues a Solicit packet 
over the bus; 

wherein the broadcast proxy device broadcasts the dis 
covery information in response to receipt of the Solicit 
packet. 

14. A network System according to claim 12, wherein the 
discovery information further comprises the data that iden 
tifies the device on the bus. 

15. A network System according to claim 12, wherein the 
bus comprises an IEEE 1394 bus. 

16. A network system according to claim 15, further 
comprising: 

a non-IEEE 1394 bus; 
a bridge connecting the IEEE 1394 bus to the non-IEEE 

1394 bus; and 
a third network device, on the non-IEEE 1394 bus, which 

provides identification information; 
wherein the broadcast proxy device receives the identifi 

cation information from the third network device, 
obtains discovery information from the third network 
device using the identification information, and broad 
casts the discovery information for the third network 
device to the IEEE 1394 bus via the non-IEEE 1394 bus 
and the bridge. 

17. A network System according to claim 12, wherein the 
first network device Supports broadcast discovery and the 
Second network device does not Support broadcast discov 
ery. 

18. A proxy that broadcasts discovery information for a 
device onto a bus that Supports broadcast discovery, the 
broadcast proxy device comprising: 

a memory which Stores computer-executable process 
Steps, and 

a processor which executeS process Steps from the 
memory So as (i) to receive identification information 
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from the device, the identification information com 
prising data that identifies the device on the bus, the 
device not being configured to broadcast discovery 
information, (ii) to obtain the discovery information 
from the device using the identification information, 
the discovery information comprising data that identi 
fies Services available from the device, the Services 
comprising operational control functions that are avail 
able on the device via the bus, the data that identifies 
the available Services being independent of the identi 
fication information, and (iii) to broadcast the discov 
ery information over the bus wherein the processor 
receives the identification information in response to a 
bus reset. 

19. A broadcast proxy device according to claim 18, 
wherein the processor executeS proceSS Steps to receive a 
Solicit packet requesting the discovery information; 

wherein the processor broadcasts the discovery informa 
tion in response to receipt of the Solicit packet. 

20. A proxy according to claim 18, wherein the bus 
comprises an IEEE 1394 bus. 

21. An article comprising a Storage medium Storing 
instructions: 

to receive identification information at a broadcast proxy 
device from a device, the identification information 
comprising data that identifies the device on the bus, 
the device not being configured to broadcast discovery 
information; 

1O 
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8 
to obtain the discovery information at the broadcast proxy 

device from the device using the identification 
information, the discovery information comprising data 
that identifies services available from the device, the 
Services comprising operational control functions that 
are available on the device via the bus, the data that 
identifies the available Services being independent of 
the identification information; and 

to broadcast the discovery information from the broadcast 
proxy device over a bus that Supports broadcast dis 
covery. 

22. An article according to claim 21, wherein the receiv 
ing instructions receive the identification information in 
response to an event. 

23. An article according to claim 21, further comprising 
instructions to receive a Solicit packet requesting the dis 
covery information; 

wherein the broadcasting instructions broadcast the dis 
covery information in response to receipt of the Solicit 
packet. 

24. An article according to claim 21, wherein the bus 
comprises an IEEE 1394 bus. 


